Ionizing radiation inhibits the PLK cell cycle gene in a G2 checkpoint-dependent manner.
Tumor cell cycle arrest at the cell cycle G2/M boundary after ionizing radiation involves inhibition of the Polo-like kinase 1 (Plk1). We recently found that the mechanism comprised repression of its gene, PLK, mediated by the tumor-suppressor protein BRCA1. In the present study we examined the regulatory responses on PLK and cell cycle phases in breast carcinoma cell lines exposed to various modes of therapeutic irradiation. The tumor cells, harboring different DNA damage checkpoint defects, were irradiated with either a single dose of 8.0 Gy or fractionated doses accumulating to 8.0 Gy. In the BRCA1-/- HCC1937 cell line both radiation regimens caused moderate repression of PLK mRNA expression, whereas the reconstituted wild-type (wt) BRCA1 genotype of the HCC1937/BRCA1wt cell line was associated with significant down-regulation of PLK mRNA expression after irradiation. In contrast to the HCC1937 cell lines, the MCF7/LCC2 cells displayed the characteristic wt TP53 constitution of persistent, radiation-induced CDKN1A mRNA expression (encoding the G1 cell cycle inhibitor p21(Waf1/Cip1/Sdi1)). The regulatory effects on PLK in the MCF7/LCC2 cells, however, were identical to those in the HCC1937/BRCA1wt cell line. Moreover, whereas neither HCC1937 cell line displayed G1/S cell cycle arrest after irradiation but, instead, an apparent accumulation of G2/M-phase cells, the radiation-induced delay at the G1/S boundary seemed to be superior to arrest at the G2/M transition in the MCF7/LCC2 cell line. Since the down-regulation of PLK mRNA expression by ionizing radiation was identical in the wt TP53 MCF7/LCC2 cell line and the TP53-mutated BRCA1-/- HCC1937 cell line reconstituted with wt BRCA1, we conclude that this regulatory effect solely requires an intact G2 checkpoint effector mechanism.